Abstract The Near Threatened white rhinoceros Ceratotherium simum went extinct in Botswana during the 20th century because of poaching. Several attempts have been made to reintroduce the species. From 2001 to 2003 four batches (a total of 32 individuals) of white rhinos were released in the Moremi Game Reserve. All were fitted with transmitters, ear notched and monitored on a regular basis. Rhinos released in the last batch moved significantly further from the release site compared to early batches. Six female rhinos from the last batch dispersed out of the Reserve. Activity area (95% minimum convex polygon; MCP) sizes decreased with years after release and increasing density of rhinos but only density had an effect on the core area (50% MCP) sizes. We conclude that the number of rhinos present in the area of release should be carefully considered before further individuals are released. When released in an area with rhinos that have established territories, the newly reintroduced individuals may be forced to disperse. If other areas of suitable habitat are available elsewhere in the same protected area, animals should be released at different sites to avoid unwanted long-term dispersal and to use the inverse density-dependent activity area sizes to maximize the rhino population in an area.
Introduction

R
hinos have become flagship species for international conservation (Emslie & Brooks, 1999; Bowen-Jones & Entwistle, 2002) . To fulfil the high international demand for their valuable horns (Dublin & Wilson, 1998; Emslie & Brooks, 1999; Department of Wildlife and National Parks, 2005) hunting has driven both African species, the white rhinoceros Ceratotherium simum and black rhinoceros Diceros bicornis, to near extinction in several countries.
Some of these countries have reintroduced rhinos (Hitchins et al., 1972; Hofmeyr et al., 1975; Booth & Coetzee, 1988; Adcock et al., 1998; Linklater et al., 2006; Linklater & Swaisgood, 2008) . The aims have been to rebuild populations, preserve their long-term genetic diversity and provide buffers against future potential poaching (Brett, 1990; Adcock et al., 1998) .
In Botswana both the white and the black rhino were extirpated during the 20th century (Emslie & Brooks, 1999; Department of Wildlife and National Parks, 2005) . The white rhino was reintroduced in 1967 but almost extirpated by poaching for the second time by the end of the 1980s (Tjibae, 2002; Department of Wildlife and National Parks, 2005) . The few surviving white rhinos were captured in the beginning of the 1990s and translocated to protected sanctuaries for safety and for breeding to build viable populations before the animals were returned to protected areas (Tjibae, 2002) . Thirty-two white rhinos were reintroduced to the Mombo area of Moremi Game Reserve in [2001] [2002] [2003] . Globally, C. simum is categorized as Near Threatened on the IUCN Red List (IUCN, 2008) .
Although translocations have been a key component of successful rhino conservation in Africa the management of these populations poses a challenge to wildlife managers (Brett, 1990) . The first months after release in a new area has commonly been critical for introduced black rhinos, with mortality normally highest in this period (Brett, 1998; Linklater & Swaisgood, 2008) . A variety of factors play a role in the survival and breeding of the newly translocated animals, and young black rhino males do not adapt as quickly to their new environment as adult males and females (Brett, 1998; Linklater & Swaisgood, 2008) . Another factor in the success of reintroductions is whether animals remain where they are released (Rogers, 1988; Mosillo et al., 1999; Reinert & Rupert, 1999; Stamps & Swaisgood, 2007) . In this study we test how same site multiple releases influence movements and activity area sizes of white rhinos after reintroduction to Moremi Game Reserve, Botswana, and how these parameters are influenced by sex, age, release batch, time elapsed after release and rhino density.
Study area
The study was conducted in the 4,871-km 2 Moremi Game Reserve (henceforth termed Moremi) in the eastern Okavango Delta in north-west Botswana (Dangerfield & Schuurman, 2000; Beehner et al., 2005) . The reserve is generally flat and comprises flood plains with a network of waterways, lagoons and pans, islands and reed banks (Beehner et al., 2005) . The vegetation gradually changes from dense mopane woodlands and riverine forests to open grasslands on the flood plains and aquatic vegetation in wetter areas. The vegetation is influenced by seasonal rainfall and periodic inundation by flood water, which is normally highest in August. Moremi has a well-defined summer wet season (November-April), a cool dry winter (May-August) and a hot dry period (September-October), with a mean annual rainfall of 475 mm (Dangerfield & Schuurman, 2000) .
Methods
As part of the joint Department of Wildlife and National Parks and Okavango Wilderness Safaris rhino reintroduction project, 32 white rhinos were translocated to Moremi during 2001-2003 (Table 1 ) and released in four batches. On arrival all rhinos were fitted with radio transmitters and marked with a unique pattern of ear notches, and released from the same boma. The animals were regularly tracked by vehicle or aircraft and positions recorded using a global positioning system. Age was known from previous owners or estimated based on Hillman-Smith et al. (1986) .
For analysis, the animals were grouped by time of release into four batches ( Table 1 ). The distance from the release site to 2,948 locations of 27 reintroduced rhinos (five died shortly after release and were not included in analyses) during 2001-2006 were calculated. Because they would not be expected to establish home ranges soon after release we use the expression activity area to describe the area used, which includes exploratory movements and dispersal events. Using the software RANGES 6 (Kenward et al., 2003) we calculated a 95% minimum convex polygon (MCP) to define these annual activity areas and a 50% MCP to define the core activity areas for each individual. The use of MCP, a common metric, facilitates comparisons with previous studies (Harris et al., 1990) . For all area analyses only individuals with a minimum of 20 locations per year were used, giving an mean of 37 and a maximum of 109 positions per animal per year. For annual activity area analysis Batches 2 and 3 were combined because the first year with . 20 locations was in 2003 for both these batches. We calculated an annual individual population density index, giving a value for each focal rhino by counting the number of arithmetic means of all the annual locations of other rhinos within a certain radius of the arithmetic mean of the annual locations of the focal rhino. The radius used in these index calculations was determined by the mean radius of all the annual activity areas.
We fitted mixed regression models to examine the effects of sex, age (adult or subadult), release batch, and days after release on distance to the release site, and of sex, age, release batch, year and individual population density index on activity area size and core area size using the glmmPQL function in the MASS library of R (R, 2009) , with rhino ID as a random effect because of the different sample sizes among the individuals. Distance to release site, activity area size and core area size were log transformed prior to analysis to achieve a normal distribution of these response variables. All significance levels were set at 5%.
Results
The distance moved by rhinos from release site to relocations increased with release batch and time since release ( Table 2) . There was also a tendency for subadults to move further than adults, but there was no difference between the sexes ( Table 2) . The distance between the last annual position and the release site was similar between years for Batches 1 and 2, whereas it increased annually for Batches 3 and 4 (Fig. 1) , except in 2006 when the distance decreased for Batch 3, probably because distance was obtained for only one individual in this batch. The longest distances were in Batch 4 (Fig. 1) .
The 57 annual activity area sizes of the 24 rhinos with a minimum of 20 annual relocations varied greatly (17-6,706 km 2 ; mean 5 260 km 2 ; median 5 70 km 2 ). Core areas were 5-40 km 2 (mean 5 15.8 km 2 ; median 5 9.6 km 2 ). The mean radius of the annual activity areas was 9.1 km, giving a mean individual population density index of 7.1 -SD 3.2 (range 1-12) for rhinos within annual activity areas. The activity area size decreased with time for all batches (Fig. 2) but when controlling for sex, age, release batch and year, the activity area sizes and core areas decreased with increasing individual population density index of rhinos ( Table 3) . Of the 27 rhinos, 21 stayed within Moremi. Only six left the Reserve and these were all females released in the last batch in November 2003. Two of the females stayed in the Reserve for 1 year near the release site and then moved out in December 2004 to establish themselves at Makgadikgadi Nxai Pan National Park c. 250 km to the south-east of Moremi, where they still reside. The other four females that left moved out of the Reserve 1 month after their release and were subsequently observed in an area south-west of Moremi, c. 200 km from the release site. In most cases, they have been sighted together.
Discussion
In areas where movements are unconstrained rhinos seem to have a self-imposed limit to how far they travel (Linklater & Swaisgood, 2008) and this may explain why rhinos in the first three batches established themselves at similar distances and not far from the release site. When the last batch of nine animals was released, 18 previously released rhinos were established close to the release site. This situation may have reduced the last batch's chances of establishment within the release area and consequently they dispersed. However, the density of rhinos was low compared to post-release black rhino densities (Linklater & Swaisgood, 2008) .
One reason for the dispersal could be social interactions; four of the animals in Batch 4 were subadult females and they all left the Reserve. Immature black rhinos have lower survival rates after translocation (Brett, 1998) and subadult females range more widely than adults (Adcock et al., 1998) . A high number of adult rhinos already established close to the release site, combined with high social vulnerability, might have triggered dispersal of the subadult females in Batch 4. Our model supports this hypothesis in that there was a tendency for subadults to move further when controlling for release batch and time since release. Another reason could be that the animals rejected the habitat near the release site and subsequently moved long distances in search for better habitat, as seen in other animal reintroductions (Stamps & Swaisgood, 2007) . This is less likely because Moremi Game Reserve previously held a rhino population (extirpated by hunting) and thus the habitat should be suitable for rhinos. Difference in seasons of release could also potentially contribute to differences in dispersal but Batches 2 and 4, with different movement patterns, were both released in November, and Batch 3 was released in June.
It is thus difficult to explain why the four subadult and two of five adult females in Batch 4 dispersed so far beyond the Reserve but several studies have reported similar extensive movements among relocated white rhinos (Booth & Coetzee, 1988) . One possible reason could be that the dispersing animals encountered unsuitable habitat and continued their travel until satisfactory habitat was found. This could be the reason for the long distance travelled by the two individuals that moved 250 km into the relatively dry Makgadikgadi Nxai Pan National Park to the south of the Reserve. The other four rhinos that dispersed seem to be moving within a relatively large area outside the Reserve and do not seem to be established in a specific area. These animals might have been able to move such a long distance, Gyseghem, 1984) . Relocated black rhinos can take up to 3 years to settle down and establish home ranges (Adcock et al., 1998) . Prolonged settling time, with gradually reduced exploratory movements and increased familiarity with the habitat and social context, might also have occurred in our study. Familiarity can be an important determinant of range use patterns (Stamps & Swaisgood, 2007) . The animals in Batch 4 moved far away from the release site but the activity area sizes of the individuals remaining in the Reserve were of comparable sizes to the other batches the second year after release.
However, when controlling for sex, age and release batch, both the activity and core area sizes were inversely density dependent. Similarly, Rachlow et al. (1999) found that white rhino females in low-density groups used larger home ranges than females in high-density groups, even if the habitats were similar in the two areas. There is also a tendency for home ranges of female white rhinos to decrease with increasing population density (Pienaar et al., 1993; White et al., 2007) . This may indicate territorial behaviour among white rhinos or avoidance of unfamiliar conspecifics. Following a release in a new area black rhinos in large reserves appear actively to avoid other rhinos, minimizing conspecific encounters and subsequent conflicts (Linklater & Swaisgood, 2008) . Avoidance of unfamiliar conspecifics of both formerly and newly released animals might have been the reason for the decrease in the size of the activity areas in Moremi. Inverse density-dependent range use, which may be attributed to interactions among individuals restricting each other's movement at higher densities, has been seen in ungulates and carnivores (Lopez et al., 2005; Dahle et al., 2006) .
We have shown that dispersal outside protected areas is likely even when rhinos are released in large reserves such as Moremi. We believe that two reasons may explain the higher proportion of dispersals in the last batch of rhinos released. Firstly, the number of established and establishing animals had reached a threshold at which there was insufficient space for newly released animals to avoid unfamiliar conspecifics and, secondly, the batch had a high proportion of subadult females. To minimize the risk of rhinos leaving an area after release we believe that individuals should be released at different sites, with suitable habitat, to avoid conflicts with any formerly released animals (Lent & Fike, 2003; Linklater et al., 2006; Linklater & Swaisgood, 2008) . This could be achieved with free releases, i.e. individual rhinos are transported to, and released immediately at, their own separate release site, which is a less expensive method than boma releases and is also recommended by other authors (Linklater et al., 2006) . Because activity area sizes of rhinos are inversely density dependent, changing the location of subsequent release sites is also likely to reduce the time before reaching an optimal spatial distribution of rhinos in a given area and, from a management perspective, could be used to maximize the rhino population of an area.
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